[Abstract] We describe a streamlined method that enables the quick observation of yeast ultrastructure by electron microscopy (EM). Yeast cells are high-pressure frozen, freeze-fractured to cut across the cytoplasm, and freeze-etched to sublimate ice in the cytosol and the organelle lumen. The cellular structures delineated by these procedures are coated by a thin layer of platinum and carbon deposited by vacuum evaporation, and this platinum-carbon layer, or replica, is observed by transmission EM. and Fink, 2011) . The microscopic imaging of yeast, however, is not always carried out in a satisfactory manner due to its relatively small size and round shape. The presence of the cell wall is a problem for conventional electron microscopy (EM) in particular, because it hampers the penetration of reagents used in sample preparation. Freeze-substitution EM of quick-frozen yeast is currently considered the best method for ultrastructural observation (Giddings et al., 2001) , but the method has drawbacks, namely, the membrane structures are not clearly visible, some cellular components may not be retained during the substitution process in organic solvents, and the procedure takes at least several days before observation is possible.
Yeast
[Background] Budding yeast (Saccharomyces cerevisiae) is probably the most frequently used model organism, and application of a wide assortment of experimental techniques and the presence of sophisticated genome-wide databases have significantly facilitated research advancement (Botstein and Fink, 2011) . The microscopic imaging of yeast, however, is not always carried out in a satisfactory manner due to its relatively small size and round shape. The presence of the cell wall is a problem for conventional electron microscopy (EM) in particular, because it hampers the penetration of reagents used in sample preparation. Freeze-substitution EM of quick-frozen yeast is currently considered the best method for ultrastructural observation (Giddings et al., 2001 ), but the method has drawbacks, namely, the membrane structures are not clearly visible, some cellular components may not be retained during the substitution process in organic solvents, and the procedure takes at least several days before observation is possible.
In a recent study to examine lipophagy in stationary-phase yeast, we used freeze-fracture-etching to analyze the yeast ultrastructure (Tsuji et al., 2017) . Canonical freeze-fracture EM has been used to observe wide areas of membranes in two dimensions. By adding the etching process after freezefracturing, the cellular ultrastructure-the lipid droplets and interorganellar relationships in particular-was readily observed. Deep-etching combined with quick-freezing has been used successfully to analyze the cytoskeleton in pre-extracted samples (Heuser and Salpeter, 1979) . The method described here is different in that intact live cells are quick-frozen and processed, thereby preserving the membrane 1. Mount the frozen sample onto a specimen table of the freeze-fracture apparatus ( Figures 2C   and 3) . Here, the procedure for the Balzers BAF400 will be described, but it can easily be adapted to other devices. 3. Keep the specimen temperature at -120 °C for 10 min, and then at -102 °C for 3 to 5 min by using the temperature controller of the specimen stage.
4. Cool the knife to the lowest-possible temperature (e.g., near the temperature of liquid nitrogen).
After the vacuum reaches below ~5 x 10
-7 mbar, fracture the specimens at -102 °C by separating the copper disc from the aluminum disc using the pre-cooled knife (see Note 2).
6. Keep the fractured specimens at -102 °C for another 2 min to induce sublimation of water from the fractured surface.
7. Evaporate platinum-carbon (Pt/C) and carbon (C) onto the specimen using the electron beam gun. First, evaporate 2 to 4 nm of Pt/C at an angle of 20° to the specimen surface, then 10 nm of C at an angle of 80°. Rotate the specimen stage at maximum speed during evaporation.
Control the thickness of the Pt/C and C deposition using a crystal thickness monitor (Figure 3 ).
8. Break the vacuum, bring the specimen into the atmosphere, and transfer the freeze-fracture replicas to household bleach to digest biological materials for more than 2 h. 2. Damage to the cellular ultrastructure may occur when ice crystals form due to improper operation of the high-pressure freezing machine or the freeze-fracture apparatus, or by poor handling of frozen samples, for example, failure to keep samples in liquid nitrogen. Suboptimal replicas may form as a result of unsatisfactory vacuum evaporation. Samples exhibiting these problems can be readily identified by EM and should be excluded from further analyses.
3. In most experiments, three replicates, prepared by independent quick-freezing and freezefracture-etching sessions, are analyzed for each yeast specimen.
